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(54) Title: VOICE CONTROLLED WEB BROWSER 
(57) Abstract 

A system and method for implementing a voice-controlled Web browser 
program executing on a wearable computer is disclosed. A Web document is 
received (602) at the wearable computer, and processed to dynamically generate 
a speech grammar (604). The speech grammar is used to recognize voice 
commands (616) at the wearable computer. Alternatively, a Web document 
is precompiled at a server computer to generate a speech grammar, and the 
speech grammar is transmitted with its corresponding Web document to the 
wearable computer. The wearable computer provides three mechanisms for a 
user to navigate Web pages by the use of voice. In one mechanism, an index 
value corresponding to each hyperlink is appended to the hyperlink text and 
displayed to the user (612). The user may speak the index value to activate the 
corresponding hyperlink (614). In a second mechanism, the user can speak the 
test of the hyperlink to activate the hyperlink (616). In a third mechanism, the 
user invokes a command to display a dialog window having a list of hyperlinks 
and their corresponding index values. The user can speak an index value or a 
hyperlink to activate the hyperlink (618). 
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VOICE CONTROLLED WEB BROWSER 

This application claims the benefit of U.S. Provisional Application 
No. 60/078,937, filed March 20, 1998. 

A portion of the disclosure of this patent document contains material which is 
subject to copyright protection. The copyright owner has no objection to the 
facsimile reproduction by anyone of the patent document or the patent disclosure, as 
it appears in the Patent and Trademark Office patent file or records, but otherwise 
reserves all copyright rights whatsoever. 

Field of the Invention 

The present invention relates to the field of Web browsers and, in particular, 
to methods and systems for controlling a Web browser by the use of voice 
commands. 

Background of the Invention 

In recent years, there has been a tremendous proliferation of computers 
connected to a global network known as the Internet. "Client" computers download 
and upload digital information from "server" computers via the Internet. Client 
application software executing on such client computers typically accept commands 
from users and obtain data and services from the server computers by sending 
requests to server applications running on the server computers. Intranets are local 
area network containing one or more Web servers and client computers operating in a 
manner similar to the Internet as described above. Typically, all of the computers 
interconnected via an intranet operate within a company or organization. 

A number of specialized protocols are used for exchanging commands and 
data between computers interconnected via the Internet, as are well known in the art. 
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The protocols include the file transfer protocol (FTP) used for exchanging files and 
the hypertext transfer protocol (HTTP) used for accessing data on the World Wide 
Web, often referred to simply as "the Web." 

The Web is an information service on the Internet providing documents and 
5 hyperlinks between documents. The Web is made up of numerous Web sites around 
the world that maintain and distribute electronic documents. A Web site may use one 
or more Web server computers that store and distribute documents in various 
formats, including the hypertext markup language (HTML). 

An HTML document contains text and metadata, that is, commands providing 
1 0 formatting information. HTML documents also include embedded "hyperlinks" that 
reference other data or documents located on any Web server computer. The 
referenced documents may represent text, graphics, audio, or video in respective 
formats. 

A Web browser is a client application or operating system utility program that 
1 5 communicates with server computers via one or more Internet protocols, such as FTP 
and HTTP. Basically, Web browsers receive electronic HTML documents from 
server computers over the network and present them to users. The HotJava Web 
browser, available from Sun Microsystems, Palo Alto, California, is an example of a 
popular Web browser application. 
20 There are many jobs in manufacturing and other industries where workers 

require access to information available through a computer terminal, but must also 
move around and work with their hands. The information includes company data 
residing on a network server, company Intranet information, or even information 
available on the Internet. These workers have been characterized as "locally mobile" 
25 workers. 

By way of example, a locally mobile production worker might need access to 
blueprints, reference manuals, and the like, to properly perform a particular job. At 
present, to retrieve such information, this worker would have to cease working, leave 
their workspace, obtain the information, and return to their workspace. Some 
30 information may not be transportable. Even if the worker could return with the 
necessary information, the demands of the job may still make it extremely difficult 
for the worker to view the retrieved information while performing manual tasks at the 
same time. 

By way of further example, many inventory-based jobs require the creation 
35 and physical dissemination of tremendous amounts of paperwork such as in, for 
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example, a distribution center, a worker may fill out invoice documents, and then 
send copies of the documents to the shipping department, the accounting department, 
the production department, and others. Such jobs have the potential for errors in the 
initial creation of such information. Additionally, the created information can be lost 
5 in the subsequent dissemination process. Time delay in disseminating such 
information may pose an additional problem. 

Therefore, it would be desirable to provide a system and method for enabling 
a locally mobile worker with access to information needed to perform a job, without 
a worker having to leave the workspace. There is also a need for providing the 

10 locally mobile worker with a way to review the information while simultaneously 
performing the job. Preferably, the system and method would transmit data between 
a server computer and a mobile computer carried by the mobile worker. 

It would be further desirable to have a system and method wherein a user 
employs a browser program to view and enter information, and wherein voice 

1 5 commands are used to control the browser program. Preferably, such a system and 
method would include a mechanism that allows a user to navigate between 
information pages and also allows a user to manipulate user interface controls by the 
use of voice commands. 

Preferably, such a system and method would include alternate mechanisms 

20 for creating a speech-recognition grammar. One desirable mechanism includes the 
dynamic creation of a speech-recognition grammar after an information page is 
received by the user. A second desirable mechanism includes precompiling the 
information page to create a speech-recognition grammar that is transmitted with the 
information page to the user's computer. The present invention is directed to 

25 providing such a system and method with such associated mechanisms. 

Summary of the Invention 
The present invention includes a voice-activated Web browser program 
executing on a wearable computer. The browser program provides three mechanisms 
for allowing a user to employ voice commands to navigate pages. In one 

30 mechanism, a "speech hint," or index value corresponding to each hyperlink in a 
Web page is determined and displayed on the Web page. Preferably, a unique 
identifier, or index value, is appended to the end of the hyperlink text. When a voice 
command is received, a determination is made of whether the voice command 
corresponds to the index value. If the voice command corresponds to an index value, 

35 the hyperlink corresponding to the index value is activated to retrieve additional data. 
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In the second mechanism, when a voice command is received, a 
determination is made of whether the voice command corresponds to the text 
associated with a hyperlink on the current Web page. If the voice command 
corresponds to the text associated with a hyperlink, the associated hyperlink is 
5 activated to retrieve additional data. 

In the third mechanism, a voice command causes a list of hyperlinks to be 
displayed. Each hyperlink is displayed with a corresponding index value. In 
response to receiving a voice command, a determination is made of whether the voice 
command corresponds to either hyperlink text or an index value corresponding to a 
10 hyperlink. If a match is found, the corresponding hyperlink is activated to retrieve 
additional data. Preferably, all three mechanisms are presented to a user, providing a 
user with a choice of using any mechanism to control the browser program. 

In an additional aspect of the invention, an external speech grammar 
referenced by the Web document is dynamically compiled by the Web browser after 
1 5 receiving a Web document. The speech grammar is activated by the Web browser 
for use in processing subsequent voice commands whenever the Web document in 
question is displayed. This mechanism allows Web document developers to 
customize the speech features of a specific Web page. 

In another aspect of the invention, a speech grammar corresponding to a Web 
20 document is compiled on a server computer and stored at the server computer. When 
a Web document is transmitted from the server computer to the Web browser, the 
corresponding compiled speech grammar is transmitted to the Web browser. The 
speech grammar is received at the browser and used to process voice commands 
pertaining to the Web page. This mechanism is similar to the one described in the 
25 previous paragraph. The main difference is that this mechanism takes advantage of 
the high performance of the server machine in compiling specific grammars. 

The present invention provides a mechanism for controlling a browser 
program executing on a wearable computer by the use of voice commands By 
providing five different mechanisms, the invention provides flexibility to a user. The 
30 mechanism also provides flexibility to a Web page author, who may optimally design 
the Web page to be used according to one or more of the mechanisms. The 
invention also provides a mechanism for controlling a browser when a Web page 
author has not designed the Web page which might include voice-activated control. 

By providing a mechanism for pre-compiling speech grammars and a 
35 mechanism for dynamically compiling speech grammars, the invention can be used 
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when a Web page author has built a Web page with a speech grammar or when a 
Web page author has not built a speech grammar corresponding to the Web page. 

Brief Description of the Drawings 
The foregoing aspects and many of the attendant advantages of this invention 
5 will become more readily appreciated and better understood by reference to the 
following detailed description, when taken in conjunction with the accompanying 
drawings, wherein: 

FIGURE 1A is a block diagram of a wearable computer system for 
implementing the present invention; 
10 FIGURE IB is a pictorial illustration of the wearable computer system of 

FIGURE 1; 

FIGURE 2 illustrates an exemplary Web page displayed on a wearable 
computer, in accordance with the present invention; 

FIGURE 3 is a block diagram illustrating a system for implementing a voice- 
1 5 controlled Web browser in accordance with the present invention; 

FIGURE 4 is a block diagram illustrating an alternative system for 
implementing a voice-controlled Web browser; 

FIGURE 5 is a flow diagram illustrating a process of generating a speech- 
recognition grammar for use in a voice-controlled Web browser program; and 
20 FIGURE 6 is a flow diagram illustrating the process of displaying a Web 

document and handling a voice command, in accordance with the present invention. 
Detailed Description of the Preferred Embodiment 
The present invention is a mechanism and method for implementing a voice- 
controlled Web browser program executing on a wearable computer that 
25 communicates with one or more server computers. The mechanism and method of 
the invention generate a voice-recognition grammar. Upon receipt of a voice 
command, the mechanism and method of the invention utilize the voice-recognition 
grammar to determine which command was received and the received command is 
used to control and manipulate the Web browser program. 
30 In accordance with the present invention, a Web browser program executes 

on a wearable computer. FIGURE 1A and the following discussion are intended to 
provide a brief, general description of a wearable computer upon which the invention 
may be implemented. 

With reference to FIGURE 1A, an exemplary system for implementing the 
35 invention includes a wearable computer 102, including a central processing unit 104 
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(CPU), a system memory 106, and a system bus 108 that couples various system 
components, including the system memory 106, to the processing unit 104. The 
system memory 106 may include both volatile and nonvolatile memory (not shown). 
A second bus, such as a PCI bus 1 10, communicates with the system bus 108 
5 and transfers data to and from peripheral components. A video controller 1 12 
connected to the PCI bus 110 controls the display of information on a video 
screen 114. An audio controller 1 16 connected to the PCI bus 110 controls a 
speaker device 118. The speaker device 118 may optionally be built into a 
headset 134 (shown in FIGURE IB). The audio controller 1 16 also receives inputs 

1 0 from a microphone 120. 

The wearable computer 102 includes various other components, such as a 
power supply and a system clock, that are not illustrated in FIGURE 1. A wearable 
computer system for use with the present invention is described in commonly 
assigned U.S. Patent Application, Serial No. 09/045,260, pending, the disclosure of 

1 5 which is incorporated herein by reference in its entirety. 

FIGURE IB illustrates an embodiment of a wearable computer 102 that is 
used to implement the present invention. A CPU 104 and a memory 106 (shown in 
FIGURE 1 A) are contained within a base unit 130 that may be attached to a belt 132. 
A headset 134 includes a speaker device 118, a display screen 114, and a 

20 microphone 120. 

The wearable computer 102 communicates with a server computer (not 
shown). The server computer transmits Web documents, such as HTML documents, 
to the wearable computer 102, which displays the documents to a user. In one 
embodiment, the documents are displayed on the display screen 114. The wearable 

25 computer may also play audio data via the speaker device 118. In an alternate 
embodiment, the video screen 1 14 is not present or is inactive. The video screen 1 14 
may also be employed to selectively present Web documents, while other select Web 
documents are played only as audio data via the speaker device 1 1 8. 

In response to the presentation of a Web document, a user may control the 

30 presentation of additional data and may transmit data to the server computer using 
voice commands. FIGURE 2 illustrates an exemplary Web document 150 that is 
displayed on the video screen 114. The Web document 150 contains hyperlinks, 
which each include a representative symbol, such as text or a graphic symbol. The 
symbol may also be an audio signal that is presented to the user. The representative 

35 symbol is referred to as an "anchor tag" 152. Each hyperlink also includes an 
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embedded address (not shown) corresponding to additional data. When a user selects 
a hyperlink, the additional data corresponding to the associated address is retrieved 
and presented to the user. A Uniform Resource Locator (URL) is one form of 
addressing that is commonly used in Web documents. An address can be a file 
5 system pathname or other value used to indicate the location of additional data. 

The present invention includes three mechanisms that allow a user to employ 
voice commands to navigate Web pages: speakable indices, an index menu, and 
"speakable hyperlinks." Preferably, all three mechanisms are included, and a user 
has the option of using one or more of the mechanisms. 

10 The speakable indices mechanism includes a speech-specific parser 206 

(shown in FIGURES 3 and 4) that dynamically inserts a visual speech hint 1 54 next 
to each HTML anchor tag 152. Preferably, the speech hint 154 is an index number 
and is inserted immediately before each corresponding anchor tag 152. The 
superscripted index number is incremented with each successive anchor tag 152, so 

15 duplicate index numbers do not occur. As illustrated in FIGURE 2, the speech 
hint 154 appears before each hyperlink anchor tag 152. 

The speakable indexing feature is preferably enabled and disabled via two 
speakable commands: "index enable" and "index disable." When a user speaks the 
words "index enable," the speakable index feature is enabled. When a user speaks 

20 the words "index disable," the speakable index feature is disabled. When enabled, 
this feature allows a user to speak a hyperlink tag's unique index number to follow 
the hyperlink. When an index number is spoken, a speech-recognition engine 212 
(shown in FIGURE 3) generates a corresponding speech event, which is translated 
into a user command to follow the corresponding hyperlink. 

25 The index menu mechanism provides a second method of following 

hyperlinks. When a user speaks the phrase "index menu," the mechanism and 
method of the invention displays a dialog box to the user. The dialog box includes a 
scrollable list of hyperlinks and their associated unique indices. A user may navigate 
this list using verbal scrolling commands, or may speak the unique index number 

30 corresponding to the hyperlink that they wish to follow. 

To employ the speakable hyperlinks mechanism, a user speaks the contents of 
a hyperlink anchor tag 152. In response, the speech-recognition engine 212 (shown 
in FIGURE 3) generates a corresponding speech event that is translated into a user 
command to follow the corresponding hyperlink. An HTML rendering engine 208 

35 navigates to linked Web content based on the user selection. Preferably, a Web page 
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author anticipating the use of speakable hyperlinks creates a Web page that does not 
have two hyperlink anchor tags that may sound similar. 

Controls and images also have corresponding speech hints. For example, as 
depicted in FIGURE 2, selection controls 156 have corresponding speech hints 158. 
5 Edit controls 160 have corresponding speech hints 162. The image 164 has a 
corresponding speech hint 166 positioned at the upper left corner. Activating a 
control sets the focus of the browser to the control, so that additional voice input is 
directed to the control. The use of speech grammars to select controls is similar to 
the use of speech grammars to select hyperlinks. 

10 Thus, the present invention provides a mechanism and method for 

dynamically generating speech grammars upon receipt of Web pages, and a 
mechanism and method for pre-compiling speech grammars prior to transmitting 
Web pages to the wearable computer. FIGURE 3 is a functional block diagram 
which illustrates components of a wearable computer system 200 that dynamically 

15 generates speech grammars upon receipt of Web pages. An HTML parser 204 
receives an HTML document from the Internet or an intranet 202 and parses the 
document content to generate an internal representation 205 of the HTML document. 
The internal representation 205 is passed to a speech-specific parser 206. The 
speech-specific parser 206 locates hyperlinks or other interactive controls that may 

20 be the target of a voice command and generates speech grammars 209. The speech- 
specific parser 206 also generates visual speech hints 154 (shown in FIGURE 2). 
The revised internal representation 207 of the HTML document 205, with the visual 
speech hints generated by the speech-specific parser 206, is passed to an HTML 
rendering engine 208. The HTML rendering engine 208 generates a visual Web 

25 page 150 (shown in FIGURE 2) based upon the revised internal representation of the 
HTML document 207. The visual Web page 150 is displayed on the display 
screen 114 (shown in FIGURE 1 A). 

Speech grammars 209 are generated from the HTML text by the speech- 
specific parser 206 and are passed to a speech grammar compiler 210. The speech 

30 grammar compiler 210 translates the speech grammars 209 into a compiled speech 
grammar 21 1 that is used by a grammar-based speech-recognition engine 212. Many 
speech engine providers, including IBM and Lernout & Hauspie, provide grammar 
compilers with their speech engine products. In addition to the compiled speech 
grammars, the speech-recognition engine 212 receives static, or precompiled, 

35 grammars 214 that are used for controlling the Web browser. The static 
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grammars 214 include browser commands that are not Web page specific, such as 
"back" and "forward." The speech-recognition engine 212 receives voice audio input 
from the microphone 120 and uses the compiled speech grammars 211 and static 
speech grammars 214 to determine the command or text spoken into the 
5 microphone 120. Via Voice, a product licensed by IBM, is a commercially available 
speech-recognition engine that can be used as the speech-recognition engine 212 in 
the present invention. 

In response to voice audio input, the speech-recognition engine 212 generates 
speech events 213. The speech events 21 3 generated by the speech-recognition 

10 engine 212 are handled by corresponding software speech controls 218. The speech 
controls 218 translate the speech events 213 into user commands 215, which are 
passed to the HTML rendering engine 208. In response to the receipt of user 
commands 215, the HTML rendering engine 208 performs an action corresponding 
to the user commands 215. For example, if a user command 215 designates that a 

1 5 particular hyperlink has been selected by a voice audio input, the HTML rendering 
engine 208 performs the action of retrieving the Web page corresponding to the 
hyperlink. Similarly, graphical user interface (GUI) controls 216, such as buttons or 
menus, can receive input from a mechanical device, such as a mouse, or other control 
(not shown). The GUI controls 216 generate user commands 217, which are passed 

20 to the HTML rendering engine 208 for appropriate handling, as described above. 
The speech controls 218 may also generate^ audio prompts 218, which are presented 
to the user via a headset or other speaker device 1 1 8. 

FIGURE 4 is a functional block diagram which illustrates a voice-controlled 
Web browser system 300 that uses precompiled speech-recognition grammars 214. 

25 The system 300 is similar to the system 200 illustrated in FIGURE 3. The following 
discussion describes the important differences between the system 200 which uses 
dynamically generated speech-recognition grammars 209 and the system 300 which 
uses precompiled speech-recognition grammars 214. 

In the precompiled system 300, a speech grammar compiler, such as the 

30 speech grammar compiler 210 illustrated in FIGURE 3, is used to generate a voice- 
recognition grammar at a Web server operating over the Internet or an intranet 202. 
A speech-specific parser 206 on the wearable computer receives an internal 
representation of the HTML document 205 and one or more previously compiled 
speech grammars 302. The speech-specific parser 206 passes the received speech 

35 grammars 213 to the grammar-based speech-recognition engine 212. The speech- 
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recognition engine 212 receives compiled speech grammars similar to the dynamic 
grammar system 200 of FIGURE 3. The precompiled grammar system 300 need not 
include the speech grammar compiler 210 of FIGURE 3. 

As with the dynamic grammar system 200 of FIGURE 3, the speech-specific 
5 parser 206 passes the revised internal representation of the HTML document 207 to 
the HTML rendering engine 208. The HTML rendering engine 208, the GUI 
controls 216, the speech controls 214, and the speech-recognition engine 212 perform 
operations as described above with respect to the dynamic grammar system 202 of 
FIGURE 3. 

10 In one embodiment of the invention, commands pertaining to speech 

grammars are embedded within HTML comment fields. The following HTML code 
segment shows, by way of example, instructions used to specify the location of a 
dictionary and grammar files. 

<!— InroadSpeechGrammar(%text)-> 
1 5 <!— InroadSpeechGrammar 

name = %NameOfElement 
grammar = %URL 
dictionary = % URL 

-> 

20 %NameOfElement specifies the name of an HTML element and corresponds to the 
name in an HTML hyperlink anchor tag 152. The name field has two valid values. 
One value is the name of the element to which the grammar is attached. Currently, 
this value is for form fields only. The other value is the word "document." Use of 
the word "document" associates the grammar to a document level context. The name 

25 field is optional and, if not specified, the grammar is considered to be a document 
level grammar. 

A document may contain InroadSpeechGrammar references. Multiple 
references are loaded and attached to the context for their containing document or 
attached to the context for the appropriate form field. 
30 FIGURE 2 illustrates a portion of an exemplary Web document 150 that is 

displayed on the display screen 114 (FIGURE 1 A) in response to receiving a 
corresponding HTML document. An HTML code segment for the corresponding 
HTML document is listed below. 

<HTML> 
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<HEAD> 

<TITLE> Bridge HTML (Symantec 1.1)</TITLE> 

</HEAD> 

<BODY> 

5 < !-I nroad S peech G rammar 

grammar = http://www.inroad.site/test.std dictionary = 
http://www.inroad.site/inroad.phd-> 
<!— InroadSpeechGraminar 

grammar = http://www.inroad.site/test2.std dictionary = 
1 0 http://www.inroad.site/inroad.phd—> 
<!-InroadSpeechGrammar name = flavor 

grammar = http://www.inroad.site/dropdn.std dictionary = 
http://www.inroad.site/inroad.phd-> 
<!-InroadSpeechGrammar name = age 
1 5 grammar = http://www.inroad.site/dropage.std dictionary = 

http://www.inroad.site/inroad.phd-> 

<P> This page is a test page to load grammars for the inroad 

browser. 

</P> 

20 <ahref = 

n http://espnet.sportszone.com M >SPORTSZONE</a></p> 

<a href = M http://www.unitedmedia.com/comics/dilbert" 
>DILBERT ZONE</a></p> 

<a href= H http://www.usatoday.com M >USA TODAY<7a> 

25 

<SELECT NAM E= " flavor "> 
<OPTION VALUE=a> Vanilla 
<OPTION VALUE=b>Strawberry 
>OPTION VALUE=c>Rum and Raisin 
30 OPTION VALUE-d>Peach and Orange 

</SELECT> 

<!-InroadSpeechGrammar name = first 

grammar = http://www.inroad.site/first.std dictionary = 
35 http://www.inroad.site/inroad.phd-> 
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<!-InroadSpeechGrammar name = last 

grammar = http://www.inroad.site/last.std dictionary = 
http://www.inroad.site/inroad.phd-> 

5 <INPUT type = text name=first size=l 2 maxlength=40> 

<INPUT type=text name=last size=12 maxlength=40> 



<SELECT NAME="age ,, > 
1 0 OPTION VALUE=a>10 to 32 

OPTION VALUE=b>33 to 50 
OPTION VALUE=c>5 1 to 74 
<OPTION VALUE=d>75 to death 
</SELECT> 

15 

</BODY> 
</HTML> 

In the exemplary HTML code segment listed above, each "grammar= H 
reference specifies a URL that designates the location of a grammar file. These 

20 grammar files are retrieved by the speech-specific parser 206 in the precompiled 
grammar system 302 of FIGURE 4. 

At the Web server, a grammar compiler can be used by a document author to 
prepare an HTML document for speech recognition. IBM's Via Voice, discussed 
above, is a grammar compiler that accepts HTML documents and supporting 

25 grammar files as input. The toolkit produces speech-enabled HTML documents, 
grammar files, and dictionary files. 

FIGURE 5 illustrates a process 502 of dynamically generating and compiling 
speech-recognition grammars in accordance with the present invention. At step 504, 
a new HTML document is received and loaded into the HTML parser 204 (shown in 

30 FIGURE 3). At step 506, the HTML parser 204 parses the HTML instructions 
within the newly received HTML document. At step 506, the HTML parser 204 
creates an internal representation 205 of the HTML document. The internal 
representation includes one or more parse tags. The internal representation is then 
passed to the speech-specific parser 206. 
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At step 508, the speech-specific parser 206 retrieves a parse tag from the 
internal representation of the HTML document. At step 51 0, a determination is made 
of whether the retrieved parse tag represents a speakable entity which includes an 
anchor, form field, text area, button, radio button, check box, and so forth. Speakable 
5 HTML entities include anchors, image maps, applets, inputs, and select items. If the 
current parse tag does not represent a speakable entity, processing proceeds to 
step 516, where a determination is made of whether the current parse tag is the last 
parse tag of the current HTML document. If the tag is not the last parse tag, 
processing returns to step 508 to retrieve the next parse tag. 
1° If> at step 5 10, the speech-specific parser 206 determines that the current 

parse tag represents a speakable entity, at step 512, a new rule for the dynamic 
grammar is created, or, at step 514, an existing rule is appended. The rule adheres to 
the form: 

<rulename> = "Goto link number <n> M . 
15 The rule is subsequently used for numerical index navigation. This form is the 
format used for specifying a grammar rule. The set of rules is then compiled using 
the grammar compiler, described above. 

After creating a rule, processing proceeds to step 516 to determine whether 
the current parse tag is the last parse tag of the HTML document, as described above. 
20 If the tag is not the last parse tag, flow control proceeds back to step 508 to retrieve 
and process the next parse tag. If, at step 516, the speech-specific parser 206 
determines that the current parse tag is the last parse tag, processing proceeds to 
step 518 where the speech grammar compiler 210 compiles the generated rules into a 
compiled speech grammar. In one embodiment, the generated rules are in the form 
25 of ASCII text, and the compiled speech grammar is a machine representation specific 
to the speech-recognition engine 212. After compiling the rules to create a compiled 
speech grammar, the process 502 of dynamically compiling a speech-recognition 
grammar is complete. 

FIGURE 6 illustrates a process 601 that is performed on a wearable computer 
30 for displaying a Web document and handling a voice command. At step 602, the 
wearable computer receives a Web document containing one or more hyperlinks. At 
step 604, an ordered list of hyperlinks within the Web document is determined. At 
step 606, the Web document is displayed at the wearable computer. 

At step 608, a voice command is received from a user. At step 610, a 
35 determination is made of whether the voice command is to display an index menu. If 
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the command is an index menu command, at step 612, a list of hyperlinks and their 
corresponding index numbers is displayed. Preferably, the list is displayed within a 
dialog window. Alternatively, the list may be presented as speech over the wearable 
computer speakers. After displaying the list of hyperlinks, at step 614, a voice 
5 command is received. At step 616, a determination is made of the hyperlink 
corresponding to the voice command. If, at step 610, the voice command is not an 
index menu command, processing proceeds to step 616 to determine a corresponding 
hyperlink. Step 616 may include determining whether the text of a hyperlink was 
spoken, or whether the index number corresponding to a hyperlink was spoken. 
10 After determining that a hyperlink corresponding to the voice command is 

present, at step 618, the hyperlink is activated. Activation of the hyperlink may 
include retrieving a new Web document. Alternatively, activation may comprise 
displaying a different portion of the same Web document. 



15 described, it will be appreciated that various changes can be made therein without 
departing from the spirit and scope of the invention. 



While the preferred embodiment of the invention has been illustrated and 
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The embodiments of the invention in which an exclusive property or privilege 
is claimed are defined as follows: 

1. A system for controlling a web browser using a dynamically 
generated speech grammar, comprising: 

a speech specific parser parsing hyperlinks and interactive controls from a 
script describing a web page for display by the web browser; 

a visual speech hint generator adding a visual speech hint to the web page 
script for each such hyperlink and visual control; 

a speech grammar compiler generating a speech grammar for each such 
hyperlink and visual control; 

a voice audio input device; 

a grammar based speech recognition engine translating the speech grammar 
into a compiled speech grammar and determining a speech event from the voice 
audio input device using the compiled speech grammar; and 

a rendering engine executing the speech event on a visual web page rendered 
from the modified web page script. 

2. system according to Claim 1, further comprising: 

a graphical user interface controller translating an input graphical user 
interface control into a user command, the rendering engine performing an action 
corresponding to the user command. 

3. A system according to Claim 1, further comprising: 

a speech controller translating the speech event into a user command, the 
rendering engine performing an action corresponding to the user command. 

4. A system according to Claim 3, further comprising: 

a speaker device, wherein the speech controller generates audio prompts 
using the compiled speech grammar for playing to the user over the speaker device. 

5. A system according to Claim 3, wherein the user command is a web 
browser command. 

6. A system according to Claim 1, wherein the speech event is a text 
message for input into a field within the web page. 
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7. A system according the Claim 1, further comprising: 

a precompiled speech grammar, the grammar based speech recognition engine 
determining a speech event from the voice audio input using the precompiled speech 
grammar. 

8. A system according to Claim 7, further comprising: 
a speaker device; 

a speech controller generating audio prompts using the precompiled speech 
grammar for playing to the user over the speaker device. 

9. A system according to Claim 7, wherein the precompiled speech 
grammar includes non-web page specific web browser commands. 

10. A method for controlling a web browser using a dynamically 
generated speech grammar, comprising: 

parsing hyperlinks and interactive controls from a script describing a web 
page for display by the web browser; 

adding a visual speech hint to the web page script for each such hyperlink and 
visual control; 

generating a speech grammar for each such hyperlink and visual control; 
translating the speech grammar into a compiled speech grammar; 
determining a speech event from voice audio input using the compiled speech 
grammar; and 

executing the speech event on a visual web page rendered from the modified 
web page script. 

11. A method according to Claim 10, the operation of executing the 
speech event further comprises: 

receiving a graphical user interface control; 

translating the graphical user interface control into a user command; and 
performing an action corresponding to the user command. 

12. A method according to Claim 10, the operation of executing the 
speech event further comprises: 

translating the speech event into a user command; and 
performing an action corresponding to the user command. 
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13. A method according to Claim 12, further comprising: 
generating audio prompts for the user using the compiled speech grammar. 

14. A method according to Claim 12, wherein the user command is a web 
browser command. 

15. A method according to Claim 10, wherein the speech event is a text 
message for input into a field within the web page. 

16. A method according the Claim 10, further comprising: 
receiving a precompiled speech grammar; and 

determining a speech event from the voice audio input using the precompiled 
speech grammar. 

1 7. A method according the Claim 10, further comprising: 
receiving a precompiled speech grammar; and 

generating audio prompts for the user using the precompiled speech grammar. 

18. A method according to Claim 17, wherein the precompiled speech 
grammar includes non-web page specific web browser commands. 

19. A computer-readable storage medium containing code for controlling 
a web browser using a dynamically generated speech grammar, the web browser 
interfaced with a voice audio input device, comprising: 

a speech specific parser parsing hyperlinks and interactive controls from a 
script describing a web page for display by the web browser; 

a visual speech hint generator adding a visual speech hint to the web page 
script for each such hyperlink and visual control; 

a speech grammar compiler generating a speech grammar for each such 
hyperlink and visual control; 

a grammar based speech recognition engine translating the speech grammar 
into a compiled speech grammar and determining a speech event from the voice 
audio input device using the compiled speech grammar; and 

a rendering engine executing the speech event on a visual web page rendered 
from the modified web page script. 

20. A storage medium according to Claim 19, further comprising: 
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a - graphical user interface controller translating an input graphical user 
interface control into a user command, the rendering engine performing an action 
corresponding to the user command. 

21 . A storage medium according to Claim 19, further comprising: 

a speech controller translating the speech event into a user command, the 
rendering engine performing an action corresponding to the user command. 

22. A storage medium according to Claim 21, wherein the web browser is 
further interfaced with a speaker device, further comprising: 

the speech controller generating audio prompts using the compiled speech 
grammar for playing to the user over the speaker device. 

23. A storage medium according the Claim 19, further comprising: 

a precompiled speech grammar, the grammar based speech recognition engine 
determining a speech event from the voice audio input using the precompiled speech 
grammar. 

24. A storage medium according to Claim 23, wherein the web browser is 
further interfaced with a speaker device, further comprising: 

a speech controller generating audio prompts using the precompiled speech 
grammar for playing to the user over the speaker device. 

25. A system for controlling a web browser using a static, precompiled 
speech grammar, comprising: 

a speech specific parser parsing hyperlinks and interactive controls from a 
script describing a web page for display by the web browser and receiving the 
precompiled speech grammar; 

a visual speech hint generator adding a visual speech hint to the web page 
script for each such hyperlink and visual control; 

a voice audio input device; 

a grammar based speech recognition engine determining a speech event from 
voice audio input using the precompiled speech grammar; and 

a rendering engine executing the speech event on a visual web page rendered 
from the modified web page script. 

26. A system according to Claim 25, further comprising: 
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a graphical user interface controller translating an input graphical user 
interface control into a user command, the rendering engine performing an action 
corresponding to the user command. 

27. A system according to Claim 25, further comprising: 

a speech controller translating the speech event into a user command, the 
rendering engine performing an action corresponding to the user command. 

28. A system according to Claim 27, further comprising: 

a speaker device, wherein the speech controller generates audio prompts 
using the compiled speech grammar for playing to the user over the speaker device. 

29. A system according to Claim 27, wherein the user command is a web 
browser command. 

30. A system according to Claim 25, wherein the speech event is a text 
message for input into a field within the web page. 

31. A system according to Claim 25, wherein the precompiled speech 
grammar includes non-web page specific web browser commands. 

32. A method for controlling a web browser using a static, precompiled 
speech grammar, comprising: 

parsing hyperlinks and interactive controls from a script describing a web 
page for display by the web browser; 

receiving the precompiled speech grammar; 

adding a visual speech hint to the web page script for each such hyperlink and 
visual control; 

determining a speech event from voice audio input using the precompiled 
speech grammar; and 

executing the speech event on a visual web page rendered from the modified 
web page script. 

33. A method according to Claim 32, the operation of executing the 
speech event further comprises: 

receiving a graphical user interface control; 

translating the graphical user interface control into a user command; and 
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performing an action corresponding to the user command. 

34. A method according to Claim 32, the operation of executing the 
speech event further comprises: 

translating the speech event into a user command; and 
performing an action corresponding to the user command. 

35. A method according to Claim 34, further comprising: 
generating audio prompts for the user using the compiled speech grammar. 

36. A method according to Claim 34, wherein the user command is a web 
browser command. 

37. A method according to Claim 32, wherein the speech event is a text 
message for input into a field within the web page. 

38. A method according to Claim 32, wherein the precompiled speech 
grammar includes non-web page specific web browser commands. 

39. A computer-readable storage medium containing code for controlling 
a web browser using a static, precompiled speech grammar, the web browser 
interfaced with a voice audio input device, comprising: 

a speech specific parser parsing hyperlinks and interactive controls from a 
script describing a web page for display by the web browser and receiving the 
precompiled speech grammar; 

a visual speech hint generator adding a visual speech hint to the web page 
script for each such hyperlink and visual control; 

a grammar based speech recognition engine determining a speech event from 
voice audio input using the precompiled speech grammar; and 

a rendering engine executing the speech event on a visual web page rendered 
from the modified web page script. 

40. A storage medium according to Claim 39, further comprising: 

a graphical user interface controller translating an input graphical user 
interface control into a user command, the rendering engine performing an action 
corresponding to the user command. 

41 . A storage medium according to Claim 39, further comprising: 
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a speech controller translating the speech event into a user command, the 
rendering engine performing an action corresponding to the user command. 

42. A storage medium according to Claim 41, wherein the web browser is 
further interfaced with a speaker device, further comprising: 

the speech controller generates audio prompts using the compiled speech 
grammar for playing to the user over the speaker device. 

43. A method of presenting electronic data comprising: 
receiving a document having a plurality of hyperlinks contained therein; 
determining an ordered list of hyperlinks from the plurality of hyperlinks, 

each hyperlink in the ordered list having a corresponding index value representative 
of the corresponding hyperlink's position in the ordered list of hyperlinks; 

displaying the document, wherein the display includes a plurality of hyperlink 
symbols and a plurality of index symbols, each hyperlink symbol representative of a 
corresponding hyperlink, each index symbol representative of a corresponding 
hyperlink's index value; 

receiving a voice command to activate a hyperlink; 

determining an activated hyperlink contained within the document, wherein 
the activated hyperlink corresponds to the voice command to activate the hyperlink, 
wherein determining the activated hyperlink includes determining an index symbol 
matching the voice command and locating a hyperlink based on the index value 
corresponding to the index symbol; and 

retrieving additional data based on the activated hyperlink. 

44. The method of Claim 43, wherein each hyperlink symbol comprises 
text and each index symbol comprises a number. 

45. The method of Claim 43, wherein each index symbol is displayed in 
close proximity to its corresponding hyperlink symbol 

46. The method of Claim 43, wherein determining the activated hyperlink 
includes: 

determining whether the voice command matches a hyperlink symbol; and 
if the voice command matches a hyperlink symbol, locating a hyperlink 

corresponding to the hyperlink symbol and not locating the hyperlink based on the 

index value corresponding to the index symbol. 
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47. The method of Claim 43, further comprising: 
receiving a command to display an index menu; and 

in response to receiving the command to display an index menu, displaying a 
list of hyperlink symbols and associated index symbols. 

48. A method of presenting electronic data comprising: 
receiving a document having a plurality of hyperlinks contained therein; 
displaying the document, wherein the display includes a plurality of hyperlink 

symbols, each hyperlink symbol representative of a corresponding hyperlink; 
receiving a voice command to display an index menu; 

determining an ordered list of hyperlinks from the plurality of hyperlinks each 
hyperlink in the ordered list having a corresponding index value representative of the 
corresponding hyperlink's position in the ordered list of hyperlinks; 

in response to receiving the command to display an index menu, displaying a 
list of hyperlink symbols and associated index symbols; and 

receiving a second voice command; 

determining an activated hyperlink contained within the document, wherein 
the activated hyperlink corresponds to the second voice command, wherein 
determining the activated hyperlink includes determining an index symbol matching 
the second voice command and locating a hyperlink based on the index value 
corresponding to the index symbol; and 

retrieving additional data based on the activated hyperlink. 

49. The method of Claim 48, wherein each hyperlink symbol comprises 
text and each index symbol comprises a number. 

50. A method for providing a voice-activated browser, the method 
comprising: 

generating a voice-recognition grammar at a server computer, the voice- 
recognition grammar corresponding to a plurality of hyperlink commands 
corresponding to a Web document; 

storing the voice-recognition grammar at the server computer; 

associating the voice-recognition grammar with the Web document; 

transmitting the Web document and the voice-recognition grammar to a 
wearable computer; 
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in response to a voice command at the wearable computer, determining 
whether the voice command matches a hyperlink command corresponding to the 
voice-recognition grammar; and 

if the voice command matches a hyperlink command corresponding to the 
voice-recognition grammar, invoking the hyperlink command. 

5 1 . The method of Claim 50, further comprising: 

determining an ordered list of hyperlinks from the hyperlink commands, each 
hyperlink command in the ordered list having a corresponding index value 
representative of the corresponding hyperlink command's position in the ordered list 
of hyperlinks commands; 

displaying the document, wherein the display includes a plurality of hyperlink 
symbols and a plurality of index symbols, each hyperlink symbol representative of a 
corresponding hyperlink, each index symbol representative of a corresponding 
hyperlink's index value; and 

wherein determining whether the voice command matches the hyperlink 
command includes determining whether the voice command matches an index 
symbol corresponding to the hyperlink command. 
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